We tested whether daily exercise modulates immune and neuroimmune cytokines, hippocampus-dependent behavior and hippocampal neurogenesis in aging male F344 rats (18mo upon arrival). Twelve weeks after conditioned running or control group assignment, the rats were trained and tested in a rapid water maze followed by an inhibitory avoidance task. The rats were BrdU-injected beginning 12 days after behavioral testing and killed 3 weeks later to quantify cytokines and neurogenesis. Daily exercise increased neurogenesis and improved immediate and 24 h water maze discrimination index (DI) scores and 24 h inhibitory avoidance retention latencies. Daily exercise decreased cortical VEGF, hippocampal IL-1b and serum MCP-1, GRO-KC and leptin levels but increased hippocampal GRO-KC and IL-18 concentrations. Serum leptin concentration correlated negatively with new neuron number and both DI scores while hippocampal IL-1b concentration correlated negatively with memory scores in both tasks. Cortical VEGF, serum GRO-KC and serum MCP-1 levels correlated negatively with immediate DI score and we found novel positive correlations between hippocampal IL-18 and GRO-KC levels and new neuron number. Pathway analyses revealed distinct serum, hippocampal and cortical compartment cytokine relationships. Our results suggest that daily exercise potentially improves cognition in aging rats by modulating hippocampal neurogenesis and immune and neuroimmune cytokine signaling. Our correlational data begin to provide a framework for systematically manipulating these immune and neuroimmune signaling molecules to test their effects on cognition and neurogenesis across lifespan in future experiments.
Introduction
Developing novel strategies to protect cognition in our burgeoning elderly population is critical for managing the burden and cost of its care. Hippocampal neurogenesis is a form of plasticity that declines significantly with age in rodents (Bizon et al., 2004; Dupret et al., 2008; Kuhn et al., 1996) , dogs (Siwak-Tapp et al., 2007) and non-human primates (Aizawa et al., 2009; Gould et al., 1999b) primarily because the neural progenitor cell (NPC) precursors of new neurons and glia become increasingly quiescent with age (Cameron and McKay, 1999) . The abundance of neurons added daily to the young mammalian hippocampus (Cameron and McKay, 2001) suggests that neurogenesis contributes to hippocampal integrity and indeed, measures of neurogenesis and ability in hippocampus-dependent tasks generally relate in young mammals (Deng et al., 2010 ; but see Epp et al., 2011; Gould et al., 1999a) .
Measures of neurogenesis have been related to measures of performance in hippocampus-dependent tasks among aged dogs (SiwakTapp et al., 2007) , aged non-human primates (Aizawa et al., 2009) and when an experimental manipulation introduces enough variability into both measures to detect the relationship in aged rats (Bizon et al., 2004; Dupret et al., 2008; Kempermann et al., 2002; Speisman et al., 2012) . Combined, these data suggest that protecting hippocampal neurogenesis from the effects of age may also protect some forms of cognition.
Experimental manipulations that produce neuroimmune responses can impair hippocampal neurogenesis and cognition. For example, systemic or central bacterial lipopolysaccharide (LPS) injections activate microglia, potently block neuronal differentiation (Ekdahl et al., 2003; Monje et al., 2003) and disrupt the integration of young neurons into existing hippocampal circuitry (Belarbi et al., 2012) . Of the cytokines known to be stimulated by LPS (see Erickson and Banks, 2011) , only a handful have been shown to affect in vivo or in vitro neurogenesis (Ben-Hur et al., 2003; Buckwalter et al., 2006; Grotendorst et al., 1989; Liu et al., 2009; Lum et al., 2009; Monje et al., 2003; Qin et al., 2008; Turrin et al., 2001; Vallieres et al., 2002; Villeda et al., 2011) . In humans, experimental
